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(57) Abstract: The inveniioh includes method.s" of re- 
ducing grain sizes of niaierials, and methods of fonning- 
sputtering targets. The invention includes a; method for 
producing a sputtering target material in which a meiaJ- 
lic material is subjected to plastic working at a procc^^ 
ing percentage of at least 5 % and a processing rate of ai 
least 1 00 Vsccorid. In particular applications the metal- 
lic material comprises one or.mpre of aluminiim, copper 
and titanium. ^ - " ' . r ' 
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Process for Producing Sputte^^^^ 

; ^'^^"^h^i^el^ vcmioh related ici d' process for producing a materials ^vilh reduced 
5 grain sizes, and ean be u4d; for example^ 

v,p^r H.pn.i,inn targ et materials, and it is to be understood that in the context of this 



: ^documenr the 'te^ 
i inteix:iiangeably)' ! in'part ^""'P'^^^ : 

uiariiuni 

10 , ■ as;a ^target materials". '-'/-^yy- ^ '-VV/;:':". 



- innuenced by the surface roughness of a target material ^uscd for the sputtering. . When . 

protrusions having ^: lafger size than: a certain level are^ present on the surface^of the target, V 
K n^ieriai; an abnormal idischarge cso-callcd micro-arcing^^^ 

• The abnormal discharge can resultvin macroparti 
the target material, and depositcd;oht6 the substrate. The deposited n^c^ 
blobs on the thin film and result in short circuiting of semiconductor thin^^^^ 
deposited macroparticlcs arc usually called "particles" or ':splats'\ . 

; The surface roughnbss of a target material "can have a correlation to a crystal grain 
size c,f the urget rnatcriaC The finer the ^ 

of ti tigci material s A^^ 
: urget material. VM ^oskible to prevent the generation of the "panicles", thereby allowing , 

/ betteV quality thin fil^^^^^^ 



2»i 



sizes. 



Numerous materials can be Utilized as "target materiais, including, for example, 
coppo^:^ aluminu^ and titaniuin: : In particular applications, target materials can comprise 
aiio^4 or other rrWtallic mixiafes7w one or more of : 

copper, aluminum or titdnium^; Target materials Can also comprise so^alled "high purity •■ ; 
lorms of panicular.metallic:materials: wi,hexemplary^:m^^ 

urealer than 99 9999% pure in one or mbrc'of titanium, aluminum and. copper,: , ^. ^ 
' r Several methods have been propo^d for 'fbrmiW improved constructions; In 

Japanese^ PaterVt Appli^tiori taid-Open (kOKAI) Na there has been 

proposed a target material composed of titanium and having an avemge crystal grain size of^ 
::o. l to 5 iirn. : The target material is produced by hydrogenating titanium, subjecting the 
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titanium to plastic working \vhile maintaining an ct-pHase or (a-P)-phase crystal structure 
thereof, and then dehydrogenating and heat-treating the titanium.^ However, a productiph 
method \yhich includes hydrogenation and deh^drogenation treatments can be. problematic 
from the industrial viewpoint. Gonsequently, it would be desirable to develop an .alternative 
5 process for producing a titanium target material. / 

Another method proposed for forming an improved target construction is set forth in 
. Japariese Patent Application Laid-Open .(KOKAI) No. 10-330928 (1998). Such propo^^^^ 
sputtering target material made of an aluminum alloy and containing crystal grains having an 
average diameter of not more than SOjam. The target materiaf is produced by subjecting a 

10 raw metal rriateiria! to plastic working, and then rapidly heating the metal material to a re-, 
crystallizable temperature. The rapid healing utilizes an average temperature increase. ramp 
rate of lOO^'C/minutc. A difficulty with the production niethod of KOKAI No. 10-330928 is 
that ii can require a special heating method to accomplish the rapid heating, with exemplary . 
special* healing methods including an infrared irradiation method, an electromagnetic - 

15 induction heaiing'rnethod or an immersion method using either a salt. bath or a bath of low- 
meliing alloy such as solder.f^Thus, the production method can be difficult to incorporate 
cost-effectively into industrial processes. Accordingly, it would be desirable to develbp 
alternative processes for producing aluminum target materials. 



20 SIIMM.ARY OF THE INVENTION v 
The invcniidri encompasses methods of reducing grain sizes of materials, and in 

particular applications encompasses methods of reducing grain sizes of titanium-comprising 

maieriais,: aluminum-comprising materials, and/or copper-comprising nrjaterials. . The 

invention further; encompasses methods of fdrniing sputtering largels^■ In 

25 embodiment, the invention encompasses a method for producing a sputtering target material 

in which a metallic material is subjected to plastic working ai a processing percentage of at 

least 59o utilizing a processing rale of at least 1 00*^ per second (i.e., 10()%/second). In 

■ " particular applications the metallic material comprises one or more of aluminum, .copper and 

titanium.; ' . ' ; : 

BRIEF DESCRIPTION OF THE DRAWINGS ^ ' 

Preferred embodiments of the invention are described below with reference to the 
following accpmpa.nying drawings. ; : / 
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.Fie i is a diagrammaticV cross-sectional yi apparatus which can be utilized in 

a process encompassed by thepresent invention- and illustrates a r^^^^ , 

apparatus at a preliminary processing step. ^^^^ ; - 

, ,: ,FioT^i^ a^iev>^of^the Ei^.^Lap^ _ 



5 processing step subsequent to that of Fig. 1-^^^ ;^ 

Fig. 3 is a exploded view of the Fig. 1 apparatus and material after the processing step 

-of Fig: 2;:v-"-'"x: '-^t^'f:--''^^^^^^^^ 
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n FTAILED nFSrRIPTlON OF THE PREFERRED iP^MnOPIMENTS \; 

The present invention can overcome at least some of ; the problems described above 
in' the this disclosure. SpecificaUy; the presenMnyention can 

: " provide 2^ industrially useful prodcss for producing materials with reduce^ grain sizes, and 
' ' ^n be utUizei fbr'^c to form a sputtering' target; material that generates few 

' ^-partici^- duririg film formation.; - In particular aspects, the -invention xompri^es, rnelhpds of 
15 forming targets which cc)mprise;onc or morC-of aluminum, copper and titanium, - n > f ^ . : 
"bric asfjecl of the ihventidh; it-has been found that , by appropriately, cpntrolling 
plastic woikirlg'condiiioris -used f^^^ of a material, specifically a processing 

■ ' rate ihereof/it W possible to recluce the size 6f crystal grains of the material the reduclion^of 
; crystal grain siie tan: imprbvc sp 

20 niaterial relative to targets formed from materials having larger grain, sizes; . vi:^^^^^^^^^^^^^^^,: 

Aspects of the present invention are described in . detail below, In particular 
' Vdcscribc^ aspecis::'titanium is used asi a raw material which is; subjected to appropriate 
processing to reduce a grain size within the material The titanium materials can include 
materials formed by melting sponge-like titanium with a vacuum metallurgy method or the 
2? like: and then casting the melt into titanium ingots. In exemplary embodiments of the present 

■ '^invention: tiui^iiim^omprising^m^^^ 

: ■ Sviiig a piiriiy <>r 99^99lo;^9^^ to 6N). or grealcrr^The invention also 

■ ; cbmprisds' utilization of Cppp^^^^ copper- 
■ comprising materials lire utilized which Compri^e^ hiwh^puriiy copper having a purity of 99.99 
30 to 99.9999% by weight, or greater.^ Another aspect of the in vention, utilizes aluminum^ or an 

; alloi/ lhere6f, ,as; a rav^- maienil." and in exemplary ennbodimen^ 

materials are' utilized' Which' c high-purity aluminum having a purity of 99.99 to 

99;9999% by weight, or grkter.' ;;T materials can further comprise 

. ' one more'elerhehts in addition to the aliiniinurri; with said one or more elements including at 
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least one element selected from the group consisting of Si. Cu. Ti.. Cr. Mn. Zr. Hf and rare 
earth elements (such as Sc, Y or Nd)! The total amount of additional elements .added. lo the 
aluminum of a largei materia? Is usually from 0.0 1 % to 10% (by weight), and can. be^ fr 
0.03% to 3% (by weight). 
5 A process of the present invention can include plastic working c^f a material until a 

processing percentage of at least 5% is reached. The material can comprise one or more of. 
titanium, aluminum and copper. The plastic working can be utilized to control the crystal : 
orientation contbni of the processed material. As utilized herein, ''plaisiic working" refers to 
processing which deforms a raw material. An exemplary plastic working process is roHing. 
A deformation percentage (percentage of reduction in thickness) of the raw material upon 
such a processing is called "processing percentage". In the present invention, the upper limit 
of the processing percentage is typically about 90%. A "processing rate" is a rate at which a_, 
material is deformed, and is expressed in terms of an amount of compression per unit time. 
For instance, a processing rate of 100%/second means that a material is compressed at a rate 
15 such that a! compressing die would travel an entirety of the materiars original thickness in 
one second; a rate of 500%/ second means that a material is compressed at a rate such tha^ 
compressing die would travel nvc-times the material's original thickness in one second; 
In one aspect of the invention, a process for reducing a grain size of a nricuUcbmprising raw 
material comprises subjecting the material to plastic working at a processing percentage of at 
20 least 5% while maintaining a proccssikg rate of at least! 100%/second. In other words; |e 
processing rate utilized to obtain the processing percentage of at least. 5% is at le|sl 
100%/second. It is noted that a processing rate will typically slow during a plastic work^g 
process from an^ initial rapid rate to a rate of zero as the compressing die compresses .a 
material and subsequently comes to a rest on the compressed material. In preferred 
25 embodiments, the processing rale will remain equal to or greater than 1 0G%/sec6nd during at 
least a 5% compression of a worked material. 

An important feature of the present invention can be that it includes subjecting a 
material lo plastic working .at high processing rates (i.e.. at processing rates of at least 
I00';; /scc6nd). Processing rates of the present invention can be at least 500%/second. and in 
30 particular embodiments of the invention are at least 1.000%/second. The upper limit of the 
processing. rate is usually about. 10.000%/second. In contrast to the processing rates of the 
prescni invention; the processing rates conventionally used for the plastic working are low- 
processing rates of less than 100%/second. such as. for example, about 20%/second. . Thus, 
the present invention utilizes a higher processing rate than conventional niethods. 
35 . An apparatus 10 which can be utilized in methodology of the present invention is 
. described with reference to Figs. 1-3. . Referring to Fig. 1. apparatus 1.0 comprises a support 
. . ■ - \ ■ ■ '■ 4 - • ■ ■ ■ ■• 
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' ■ 12 having a first ciie 14 thereonf ''A^mate^ die' 14 for processing- 

Material 16 can comprise, for example, a high purity titanium, copper or aluminiim ingot. A 
second die 18 is provided above material 16, and configured to mate within first die 14, First : 
. ' die 14 can define a shape that material 16 is too be pressed into, such as; for example, a 
5 round sputtering target shape. A power source (not shown) can be connected to second die 
~ 18 and^tiHzed to p^^ 

that the power source can be coupled to o^ die 14 and support 12, 

alternatively toi or in addition to, bci first die 18r It is also noted that first die ; 

18 can be ^ heavy "hammer", fo^ irdn; which is elevated above firsi die 

10 14 and then subsequently dropped ontb the first die. An exemplary hammer has a weight of ; r ■ 
about 4 tons- V The i rate of pr^^ applied ; by such hammer can be controlled; b^ 
controlling the height from which the hammer is dropped, ' ; : 

; ■ ' ^ Referring to Fig; 2. apparatus 10 is shown after secphd die; 1 

.;.xv'"-- .'".'material ■i6-intb first^ die 14. . ^l ^x-^'S'-'-^.^: ^■ ■■■^^^■■■■^^ ' 

15 :\r-. Referring to Fig, 3, apparatus 10 and material 16 >rc shown in an exploded view v: 

after the processing of Fig/ 2 to illustra^^ 
' that material 16 has bee;nx:ompr^ firstdie 14. v .; * 

^ The u^ of the high processing rates of the present invention can .provide several 
advantages, including that the high processing rates can enable the heat.treatment ordinarily 
20 required subsequent to the plastic working to be omitted. Instead, high processing rates of : , 
■ methods of the p^^^ allow the plastic working itself to enable crystal grains 

^of the obtained i^^^ size (i.e., become finer): . - v^ ,.^^^;^ 

V - The f)resent invention can be particularly useful for processing titanium. Titanium 
^ target Wterial^ 

25 average titanium coastal g^^^^ size of riot more than 4 ^m;; Titanitim-comprising thin films -c. 
obtained by sputter depiosition from such targets can have reduced amounts of V'particles'; 
generated therebn relative • to films formed by sputtering from conventionally produced 
targets^ Exemplary targets prod^^^ 

films sputtered frorn such targets, are described in Examples below; ; ^ ; ; 

; 30 ^ V ; ; T^e pr^^ent invcm can be also'b^ particularly useful fo^^ 
alloys - of - aluminum, " Alum 
/ accbrx^ have an average crystal/ grain size of not more than 

V 2a^m. Aluminum-conipriising thin films obtained by sputter deposition from such targets can 
have reduced amounts of ^'particles" generated thereon relative to films formed by sptitiering 
35 from c:onventionally /priiduced targets. • Exemplary targets produced by. methods^ of the . 



present invention, and exemplary • films sputtered/from such targets, are descri^^ 

■ Examples below. •■ ' ' ; , ' ■ • ./■;'" . V ■. 

The abdve-descriM high-rate plastic wor^ 
repeated a plurality of times on a given processed material, More specifically, it can b^ 
5 preferred that the high-rate plastic working be repeated two or more limes. Tl^^^ 

plastic working steps can occur, along the same axis dimensions of tnaterial ai pn^ ariother.^d^ 
along different axis dimensions. It can te prefen-ed.t^at. the different plastic working steps 
■ involve at least three separate steps, y/ith a first step havirig pressure applied in a first 
exlircciion of a material (e.g.;an X-akis oi^ Y-axis directio step haviiig pressure . . 

10 ' applied in a second; axis direction. 6f the material (the secohti axis directi9n .;caiv be ; , 
perpendicular to the first axis direction); and a third step haying pressure applied again along. 

the first axis direction.. ^ ' 
i ; In a particular example, a round rcxl-shaped raw material is used, and t)vp o^^^ ' 
high-rate plastic working processes are conducted; to spread the roiind-bar-shaped raw 
15 material (e.g . forging). Also, a low-rate plastic working i? utilized to elongate tlwroun 

- shaped raw material by apiJlying a pressure thereto in the circumfefential di^ciion (plgic 
. working similar to;swagiiig). The low-rate plasuc working step is mterposcd tet«(e|ii 

the- high^rate plastic, working steps. The swaging-likc plastic wo^ldng is topically Por?<ii^ed ^ 
: at Ibw processing rates because it can be difficult lo conduct suchr sv^agyigrlik^^^^^ 
20 working at high-rate processing. .. ^ i ' %^ - 

. The low-rate plastic working and the high-rate plastic working arc .usVajly pei^^^ 
by a hydraulic press method and a hammer press method, respectively,, The hammer f^^^ 
method enables the f)rocessing rate to be readily controlled by changing a Idrbp height pjffan 

- iron hammer. 'The maximum number of repeated high-rate plastic wbrldrig ^roc^sses is not . 
25 particularly restricted, and the high^ratc plastic working is usually repeated three ta five 

times.. .' . . _ ... " \ \ . . . . * *.; ■.■ - . 

Subjecting a raw material to the abovd-described high-rate plastic working of the 
present invention can impart, desited properties of a sputtering target^ to the materia Ir, The. 
high^rate plastic working of a material is preferably conducted until a prcxr^^ingpereeh^^^^ 
30 of at least 5% is reached, while the low.rate plastic working can W conclucted at an Pptiona]^^ 

' processing percentage.: ^ - : ."■ . . ; ^ ; 

' " A raw material can be heated by a spontaneous he^ produced upon, the^^^^^ 

working during high-rate processing of the present invention; It can be prefeirwi that a raw 
material comprising titanium be maintained at a temperature of not more than 400°C during 
35 the plastic Working When the temperature of the raw material is more than 400''C. the raw ; 
material can suffer from abrupt crystal growth, which can render it difficult to.obtain fine 
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Crystal grains. Ii can also be preferred that a>raw material comprising aluminum (such as. for 
example, a material comprising either pure alununum, or an aluminum alloy) be maintained 
■ at a tempc;rature of frbni dbout 50^C lb about 45p°C during the plastic working: When the 
temperature of an alumihum-comprising raw material is more than 450 °C, the raw material 

5 can suffer from abrupt crystal growth, which can render it dif^^ crystal 

- , / ' grains^- ,/' \ ' ' ^' r''"' r""\t?'A:" * ■ " 

/ A iitahium-comprising target material produced by a process of the present invention ; 
''''''csiin lia ve lin^aV^ riot more than 4/im. and preferably not-more than 2- 

jitm. A Vower limit of the average crystal grain size of a litaniiim-ppmprisirig target, material ; 
10 is usually O i fimi In ihieipreiing this disclosure and the claims 

"average gr^in sj^e" refers to a mean grairi size? < Tirgcts jiroduced by methodology .of the 
present invention will preferably have rela^ 
■ ' particular examples, the distribution wiU be isuch that at^^fe^^^ grains of a target 

will be within a factor of 10 of the mean grain size. 
15 V An aluminum-comprising target nuterial produced by a process of the present 

. . .invention can have not more than 20^m,.and preferably not 

• ; more than I Opim, A lower llrhit of the average crystal grain size of an^aluminum-coihp^ 
target material is usually 0.1 |im. : . . , ; ' ' 
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' ^ . : ^' - ' i - EXAMPLES ^ ,. ^^/' ^^ ■ 

The invcniion is jljustrated by, but the following examples. ^ i 

5 , , Titanium Processing Examples 

: FAaninlcs 1-6 and comparative examples 1-5 (shown in Tabl^ 2) 

: . ^ A round, rod-shaped titanium inept having, a diameter of 15Q mm, a length of ISO v 
^ mm and J punt\ of i>9.995%L(by weight) is subjected to the plastic \yorking steps (a) thm^ 
'l?l'(d) that arc- UcNcribcdbel^ were con tin uoiislyv- 

]0 conducted ihrcv limc^: Subsequent tb the plastic . working, a further plastic Nvorking fot ..^ 
sprcadihi: ttK: tjvx material (forging) was. conducted at a processing rate of 20%/sec6n4^^^^ 
thcrcb> furminj: ihc^raw material into an appropriate shape and obtaining a target material 
H havirii! a si/c,or4J(ijnm jij dbmt^er x 20 mm |n lengthy 

\5 ^ -■ "'-V.- . TABLE 1 





l*rr%\urr-applyingv 
dirrciion 
• |>hrnofiicnon* 


1 Processing 
Percentage 
(%) 


> I^ocessirig - 
' : " Rate /" • 
: (%/sec.) 


^ Final Dimcnsibn 
(dianieter mm x-^ 

; - length) i 3 


(a) 


( ircunilcrchMal direction 
: uUmcation) 


8.7 


20 ; 


137x180 


(>) 


A vial direction 
1 spread) 


: , 44.4 


Speed described in 
Table 2 > : ^ 


184x 100 . 




C ircumlerentia! direction 
ichmcation) 


25.5 . 


20 - . : 


J 137 x 180 ^ ; 


(d) 1 Axial direction 
1 (xprcadV 


. 44 .4 ' 


Speed described in 
\ Table 2 > 


184x100 



t lie l» m rate plastic working for> elongation was conducted by a liydifaijlic press - 
2(» fiK-tlMxl. arxJ tU* htih rate plastic working for spreading was conducted by a hanirner press 
niethrU iKjrm.- jKuc plastic working steps, the temperature of the raw niat^^^^ 
nuintaiiK'd a^ ut V« r r,by the sp<^l^^^ H 

; ; ^ - N1easurement i>f Average Crystal Grain Siy^ ^ . 

25 Aliet p>.4ish(ng tlie surface of the obtained target material by sandpaper: the target 

material v^a^ ei.lK'd u iVh boiling nitric acid and then subjected to electrolytic polishing to; 

finish iIk- suria^e t»l the target material into a rnirror surface. Thereafter, the surface of the 

target nuitcrial ua\ etched with boil ing nitric acid to expose a grain boundary thereof. The :/ 

^ exposed pruiri Ktundary was magnified 800 times by:^ an , optical niicroscope ; and V 
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photographed. From theVbbtained phbiograpH- the average crystal grain size was measured 
by a quadrature niethdd. The results are shown^ 

■ .'V' ' ', ■ • ■, _ ' ^,^y:;/^\Ta^^ 'V--. - : ' , ' . ' 



™=-7Examples and - ;7 
Comparative ■ 
Examples ' 


r r Processing- , . - 

Rate ':/'■■'"'■■' 
(%/second) ' 


=-*T=Average -Gi^stal:^ 
., .. . ... ., -Qpg jij -g ■ J- 

.;,V.^V^:-- -'''i(^in)r--. ■■ .■ 


- - Number of ■ - 
"Particles" . 


Comparative- - v' 
, Example 1 




^.,.^;.:^,-;,70.p,_I.-.^ 


„::...; 72.^..,^ 


Comparative 
' Examjple 2 : 




:^;:^;;;v;39:4'::v.y--;;\ 


V ...;.;s-:': ;'60 


Comparative ; 
Example 3 


:,;45-v, Nh:. ' ■■ 


18.0 . . : 


47 


Comparative 
Example 4 


66 




36 ; . ; 


Comparative 
Example 5 


■ SS 


5.2 ./ ^ 


8 . 


Example 1 


100 


3.4 ■ 


;,■ ..■;..,:;::2 ':, ; /.i;;.-,. 


Example 2 . 


: 500 


, .v...; .^; /^2.5-;l^ ;V .. .... 


. 2 ; 


Example 3 : 


1,000 


- -2.0.., 




Example 4 


2,000 


1.8 




Example 5 


4,000 ; ; 


1.6 




Example. 6 , 


. 6,000 


1.4 


' -f 1 ■ : , ■ 



Determination of the Particles 

The target material was cut into a disc having a diameter of 250 mm and a thickness 
10 of 12 mm: The disc was placed in a sputtering device and sputtered under the following 
■ r ; conditions: Power = 3 k\V: Gas pressure = 10 mTorr; Gas ratio (Ar/N2) =1/1; and Film 
thickness = 50nm. The spuuering formed a TiN film on a 6-inch silicon wafer. After 
completion of the sputtering, the number of "panicles" in the thin film formed on the silicon 
wafer was measured using a laser-type particle counter (trade name: "SF-6420'! 
15 manufactured by TENCOR Instruments Corp.). The number of ;'particles" having a dianrieter 
of at least 3 Tim was raeasured with respect to 12 silicon wafers, and the average of the 
' measured values was delerminedl to be the number of ^'particles" per one silicon wafer. 



BNSDOCID: <WO .. .6l29279A1 I > ■ 



•WO01/29279-,;:>,- : -\" -^ , ; ■ ; \- PCTOJSOO^ 

Aluminum Processing Examples j . 

Examples 7-12 and comparative examples 6rl0 (shown in Table 4> 
A round rod-shaped aluminum-alloy iiigot composed of aluminum (a purity of 
99.999% by weight) with 0.5% by weight copper is used as a starting material, - the iiigot 
5 had a.diameier of 150 mm and a.length of 150 inm. The ingot was subjected to the plastic 
working steps (a) to (0 that ii^re.described bclo^y in Table 3. The plastic wording, steps Were 
.continuously conducted three times. Subsequent to. the plastic worWhg of steps (a) to (0. a; 
further plastic working for spreading the raw rhaterial (forging) was ; conducted at a 
""^i)rocessing rate of 20%/sec6nd, thereby ^^f into an appropriate shape 

HI V and obtaining a target material having a size of '410 mm in diameter x 20 nrim In length. f 
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TABLE 3 
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Pressure-applying V 
, ; : direction ^ 
(phenomenon) 


^Processing: 
Percentage 

■;j.-y <%)- v 


Processfing 
Rate 

■ (%/secO / 


Final Dimension 
(diameter mm X 
length) 


^) 


: Circumferential 
direction (elongation) 


. '. 8.7; 




• 137x180 v 




Axial direction r ^ 
"^spread)- ^--v.' 




Speed described 
in Table 2 


:"">:;5i84x 100- v^^^^^ 




Circumferential : : 
direction (elongation) 




'::^^-^v>::'.20 ; 


137 x180 ; : 


d) 


Axial direction ^ 
(spread) 




Speed described 
in Table 2 


184x100 ; 


-e) 


; Circumferential . : 
direction (elongaliori) 




20':;--;;{::;:- ' 


- ^ 137x180 , ; 


0 


Axial direclion 
(spread) 




Speed described . 
in Table 2 


184 X 100 



The low-rate plastic working for elongation was conducted using a hydraulic press, 
and the high-rate plastic working for spreading was conducted using a hammer press. During 
the plastic working steps, the temperature of the raw material was mainlairied in the range of 
from 50°C to 45d^C:: For. instance; the processing of Example 9 ofTable 4 (processing speed 

lb of i,000%/second)/ was conducted as follows: The temperatures immediately before and 
immediately after the working step (b) were maintained at 30X and I00°C, respectively; the 
temperatures immediately before the working step (d) (controlled by cooling)- and that 
immediately after the working step (d) were maintained at 80°C and 150°C respectively; and 
the temperatures immediately before the working step (f) (controlled by cooling) and that 

15 ; immediately after the working step ( f) were maintained at 8()''C and 150°C, respectively. 



Measurement of Average Crvsta! Grain Size 
After polishing the surface of the obtained target material by a sandpaper the target 
material was etched with an etching solution composed of HCI;1INC)3:HF:H2^ 
20 (weight ratio) to expose a grain boundary thereof. The exposed grain boundary was 
magnified 800 times by an optical microscope and photographed. From the obtamed 
photograph, the average crystal grain size was measured by a quadrature method. The results 
are shown in Table 4. ■ ^' ■ 
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Examples and 
Gomparatiye - 
Examples 


/Processing- ; ; 
/ -Rate \\' 
; (%/sec.) 


Average Crystal 
Grain Size 


Number of 
"Particles" 


f Comparative : 
Example 6 




■:^;;:"''>j;v^;206'- 


82.3---;- ^ 


Comparative / 
: Example 7 " " 








Comparative 
Example 8 




■■100;:,^^:;V::-'- 




Comparative 
Example 9 




.v;;v-;v;.;;57-:--''^ 


; 33.4;. : ' .: v'-' 


^Comparative - 
Example 10 - 


52;;- 




" V,-; 20.9- >:".;;^\-; 


Example 7 ^ 


:v,;\-;'.rioo;^ 


;V.;:v2o-:;:;:vA-.^ 


/■■v.- :-,-,5.6.:'.-, . T:, 


Example 8 ■ 


/ 500 - 


:v ■ .-10 V." 


3.9 


Example 9 


1,000 


8,. 


'3.2. / 


Example 10 


-^2,0b0">.;v--"":-^ 






Example 1 1 - 








Example 12 


6,000 




1.3 ■ 



■■>VO01/29279^-i-;r V-:.' ■/-.'; ■ , ■ ..PCr/USOp/28454-4, 

' the inveniion described herein can provide an industrially useful process for 
producing target materials which are reduced in the number of "particles" generated during a 
film-formihg process relative to- cbnventionaljy.-produced target materials. In particular 
embodiments of the invention, the target materials can comprise one or more, of aliipunu?n, 
5 titanium and cbpper. The invention can enable high throughput of rnatenals by reducing 
processing steps. Specifically, a ^ain siie of a target material can be reduced simultaneously 
with the shaping of the material into a target shape by utilizing a die that is appropriately 
cbnfigured to form a target shape during high^rate plastic working; The invention can also 
^reduce material wkste since a processed material can be formed into the shape of a target, ^d 
10 accordingiy^utting and other material removing steps can be bvpided in forming targets: 

. : in cpmpliance v^ith the smwte. the j has been described in language m^re pr 

less specific as to structural ahd methodical features. It is to be understood, however, that the 
..invention is not limited to the specific features shown and described, since the means herein 
disclosed comprise.preferred forms of putting the invention imp effect. The invention is. 
15 ^- therefore, claimed in ahy of forms ^or modifications within the proper^ scope ^ or the 
appended claims appropriately interpreted in accordance with the doctrine of equiyalents.^:^^. 



eNSDOCID: <WO_^.0129279A1.L> 
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CLAIMS y '[y':' .'"'.'O- ;^^'v;v ^V;'}' ' ' 

i; A method for reducing the grain size of a mat^^^ 

subjecting the material to plastic working at a pr^^^^^ 

, ■■ " • 100%/second. : ' • ^ •' 

2. The method of claim 1 funher comprising shaping the material im^^ 

' ■■ ; : ■■target.:;; ;r /"■;v:^/--V- ' ■ . 

/ 3 The method of claim 2 wherein the shaping occurs duri the plastic working. 

: 4. ^ ' The method of claim^ 1 wherein the plastic working further comprises a processmg 
X percentage of at least 5% while maintaining the processing rate of at least l()0%/secorid.: - 

5. The method Of claim I wherein the material comprises one or more Malum 

15 copper and titanium. 

6 The method of claim 1 wherein the rnateri a 1 comprises alumnum, and further^ ^ : 

comprises at least one element selected from the group consisting of Si, Cu, Ti, Cr, Mn, 
Zr, Hf and rare earth elements. ^ - ; 

7. The method of claim 1 wherein the material has an average grain size after the 
plastic working of less than 4/im. 

8. The method of claim I wherein the processing rale is at least 500%/second. 
9 / The method of claim 1 wherein the processing rate is at least 1^ 
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10. The method of claim 1 wherein the processing rate is at least 1 .OOP%/s^cond. and . : , 
:: further comprising a processing percentage of at least 5% while maintaining the ; i': v 
processing riitc of at least 100%/seeohd. , - 

3 . 11 • The method of claim 1 wherein the processing rate is at least 2.000%/second. .. . 

12. ■ The method of claim 1 wherein the processing rate is at least 4,000%/second/. y 

13. the method of claim 1 wherein the processing rate is at least 5,00iD%/sccond. ^ 

14. A method for producing a sputtering target material, comprising: ' . : , . .'- l i .y.- 

subjecting a titanium-comprising material to plastic working at a processing^v ; ^ ^ 
... V percentage of at least 5% utilizing a processing rate of at least ipO^/s^«^d. : 



15 15. the method of claim 14 wherein the titanium-comprising malcri:^! is sha^^^ 
: sputtering target shape during the plastic working. v . ? ; ^ 



16. 



the method of claim 14 wherein the plastic working is repeated a p!uralityr oUi|ne 



20 J 7- The method of claim 16 wherein said titanium-comprising malerial is iriaintained at 
a temperature of less than or equal to 40()°C during the pl^^^^^^^^ 

• is/ . ;tlu: nieilHxl of ciainr 17 vvhcrcinll>e sputtering 

an average crystal grain size'of the titanium grains being not more than 47im. ' u - - . ^^ 

19. the methcii of claim 14 wherein said titanium-comprising material is maintained al 
a temperature of not more than 40()'G d.uring ti^^^^ : ^ : ! 
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20. The method of claim 19 wherein the sputtering target material has titaniuni grains; 

an average crystal grain size of the titanium grains not more than 4Aim. . 

^^^^^^21. - The method of claim J 4 Avherein^hetitani umnconipnsinglmateri^^ 

" 5' . - pure in titanium." ''-.r^'-'-^'-l'- -;■^v"^: ■ - ' ^-^ 

- 22. T^ material is at least y^'-:'^:. ' 

99.9999% pure in titanium. V :'■■'/■_ > T V ^ ^ 

10 23. ^ The rnethod of claim 14 wherein the sputtering target material has titanium grains;- 
/ an average^crystal grain size of the titanium grains l>eing'not more than 4/im. 

24. ' The method of claim 14 wherein' the processingTate^is at- least :l,OPQ%/second^^{ r^^^ 

15 25. The method of claim 14 wherein the processing rate is at least 2,00()%/second. 

26. The method of claim 14 wherein ihe proccssing rate is m 

y : 27. The method of claim 14 wherein the processing rate is ai least 5,(p)9^>/second. ; ,^^ 

28. The method of claim 14 wherein the processing rate is at least 6.0009r/sccond. 

29. A inethod for pniducin^^ ^ ; ^^^^^ V 

: : ' ^ r V : ^ ^ a processing 

25 percentage of at least 5% Utilizing a processing rate of atleasi l(X)%/second, ; 

30 Themethod of claim 29 wherein the aluminum-comprising material is shaped into a 

: sputterinjg target shape during the plastic working. : , : 
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31 The method of claim 2? wherein the jjlas^ic wor^^ pjurali^ of^i|T)es, ^ 

32. The method of claim 3 1 wherein said aiuminumH:pmprising material is maintained ^ 



5 



at a temperature of not more than 450''C during the plastic working. ' V, ,;; . 

33. The method ofclaim ^2 wherein the sputlering urget iriJiterial has alummprn gi^ins; 
; ; an average crystal grai^ 

10 ■ 34. ^ ^ The method of clai^ 

Wa temperature of not tn6rc-than:456»Cdu 

; 35. . ^ : The:melhodorclaim.:34 wherein the sputtering 

an average crystal grain size of the aluminum grains being riot more than 20/4m.: ; ; v ; 

36. The method ofclaim 34 wherein the sputtering target matp^^^^ 
■ anavcragecrystai grainsizoofthcaluminumgrainsbeingnotmo^^ 

31 - The^lhod of claim 34 wherein the sput^^^^ 
20 ; . an average ci^stal grain size of the aluminum grains being no^ 

38^ : : The method of claim 34 wherein the sputtering target material has aluminum grains 
an average crystal grain size of the ahiminiim grains ^ing not more than 



:^!Thc mclhod-6f Claim 29 wherein ihe aluminum-comprising material is at least ' 



25 39 

99.99% pure in aluifiinum. 
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40/ The method of claim 29 wherein ^^^^^^^ 

■ \.-.\'["'- 99.9999% pure^ in. al_uminurn.; ■ :v->j-^^;;- V r/-' ;'.-j.^'-=---'--'^:;>riN-"'-'^^ ^/■^^v.^-ij.-^/;. 

41 /v'Thejr^^ 

5 . least one clement selected from the group consisting of Si, Cu.Ti, Gr, Mn, Zr, Hf and rare 

' :'?:earth;'elementsr~:/^:;:?'--^^.^v /■ ■:;.-:/.;r., ^trv;.:;^:,;;.; .v 

42 J The method of claim 29 wherein the sputtering target material has aluniinum grains; 
an average cr>'stal grain size of the aluminum grains being not more than 20/xm. 

/ 43: : ; The method of claim 29 wherein the sputtering target material has alumipum grains; 
an average crystal grain size of the aluminum grains being not more than lOMm. 

44. The method of claim 29 wherein thc sputtering targeL 

15 an average crystal grain size of the aluminum grains being not more than 4/zm. 

45 : ■ :? The method of claim 29 wherein the sputtering target material has: aluminum grains;^ 
an average crystal grain size of the aluminum grains being not more than 2/xm. 

20 46 The method of claim 29 wherein the processing rate is at least 1.000%/second. 

47. The method of claim 29 wherein the processing rate is at least 2,0007r/second. 

48^ . The method of clainv29 wherein the processing rate is at leasts 

49. The method of claim 29 wherein the processing rate is at least 5,000%/second. 

■ 50. The method of claim 29 wherein the p^rocessing rate is at least 6,000%/second. 
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51- A nwthcxl for producing a sputtering target material, comprising:- \/ - , \ 

subjecting a copper-comprising material to plastic working at a processing 
percentage bf at least 5% utilizing a processing rate of at least 1(W ; / 

52: The nx-ihiKl bf claim 51 wherein the copper-comprising m^ 

spuncnni: urj:ci shape during the plastic working. ; , > 

53 The methixl of claim 51 wherein the plastic working is repealed a plural it 

54 TJk- rifcTiluKJ of claini 5 i'wherein the copper-corhprising material is at least 99 99% : ^ ; : ' V 
. . ; pure vt5^K \"' : ^ y /■ / - ^ / -"^ ' ■ ■ ■V^^^i.v ■K;3'v,' ' : 

55 Ttw hxtOhO of clairif 5 1 wherein the coppcr-coiriprising material 
15 . . 'pure in copper;.'"' ^ v ^ \ 

5(1 1 r*c nicthod of claim 5 I wherein the processing rate is at least l>0(X)^^secoiT^^ : V ^ 

57 Hic m^ihtid of clairii 5 r wherein the processing rate is at least 2,0W ^ - - - 

58 1 he nvtUO i»fclaim 51 wherein the processing rate is at least 4. 000^/second. v" ' 
5<> 1 ric tiii/tU O ol claun 51 wherein the processing rate is at leasi5,()W ! ■ ..^^^ ^ ■ . v 

25' (>() I >H- nviluO ol claim 51 wherein the processing rate is at least 6,000%/seGC)ncl,v ; V ; ^ ^ ' V 

61. vX nutenal comprising aluminum grains, with an average crystal grain size of the ; : 

aluniinum prams being not more; than 20/im. ' / > v f " : ^V^';:^^-^ ^ ^ : 1 

- ■ . ■ ■ 20 ■ " - , . ■ .... •■■ " 
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62. ; The material of claim 61 being in the shape of a spuuering targ^^^^ 
. . . - 63. - :The materiaKof.claimj6:i„beingaUeas RMIg Kg'y™?^!?? -, . . ■ _ _ .., 



64. Themdtcrial of claim 61 comprising at least one element selected from the group 
consisting of Si, Cu: TivGr, l^ eleniehts.:^ ; ; ; : : ]i; 

65 The rnateriarof claim 61 wherein the averagc crystal grain size of the aluminum 

10 grains is not more than lO/im. .Virv^ ;^ ^- '^"iOv-'-; . ' ■ ' 

66. The material of claim 61 wherein the average crystal grain size of the aluminum 

. ' ■ . grains is not more than 4/im. - -^''-f-.- 

15 67. The material of claim 61 wherein the average crystal grain size of the aluminum 

grains is not more than 2/im. 

68 A material comprising titanium grains, with an average crystal grain size of the 
" titanium grains being not more than 4/im. - 

20 ■ ry' '''- ^ -'-a'- ' ' ' 'V ^ ; " ' V^" :^ 

69 The material of ciiim 68 wherein the average crystal grain size of the litani 

grains is riot more than. 2^m: '-y-y;''^ 



70. The material of craiiti 68 li;ing in the shape of a sputtering largei. 

71. The material of claim 68 being at least 99 99% pure in titanium.. 



■ 72. - The material of claim 68 being at least ?9,9999% pure in titanium. 
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